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Summary

Following trandocations to the outer coast of Southeast Alaskain 1965, sea otters have
been expanding their range and increasing in abundance. We began conducting surveys
for seaottersin Cross Sound, Icy Strait and Glacier Bay, Alaskain 1994, following initial
reports of their presencein Glacier Bay in 1993. Since 1995, the number of sea ottersin
Glacier Bay proper hasincreased from about 5 to more than 500. Between 1993 and
1997 sea otters were gpparently only occasiond vistorsto Glacier Bay, but in 1998 long-
term residence was established as indicated by the presence of adult femaes and their
dependent pups. Sea otter digtribution islimited to the Lower Bay, south of Sandy Cove,
and is not continuous within that area. Concentrations occur in the vicinity of Sita Reef
and Boulder Idand and between Pt. Carolus and Rush Pt. on the west side of the Bay
(Figure l).

We describe the diet of seaottersin Glacier Bay and south Icy Strait through visud
observations of prey during > 4,000 successful foraging dives. In 2,399 successful
foraging dives observed in Glacier Bay proper, diet conssted of 40% clam, 21% urchins,
18% mussel, 4% crab, 5 % other and 12% unidentified. Most prey recovered by sea
otters are commercidly, socidly, or ecologica important species. Species of clam

indude Saxidomus gigantea, Protothaca staminea, and Serripes groenlandicus. Urchins

are primarily Strongylocentrotus droebachiensis while both mussals, Modiolus modiolus
and Mytilus trossulus, are taken. Crabsinclude species of Cancer, Chionoecetes,
Paralithodes, and Telmessus. Although we characterize diet at broad geographic scaes,
we found diet to vary between Sites separated by as little as several hundred meters.
Dietary variation among and within Sites can reflect differencesin prey availability and
individud choice.

We estimated species compostion, density, biomass, and szes of intertidal clams at 59
gtesin Glacier Bay, 14 Stesin Idaho Inlet, 12 stesin Port Althorp and 2 Stesin Dundas
Bay. Thereisno direct evidence of otter foraging at any of our clam sampling sites

except at Port Althorp where sea otters have been present for > 20 years and regularly
forage intertidally. Thereis some indication of intertidal foraging in Idaho Inlet, based

on reduced mean size of preferred clam species. Sea otters have been present in 1daho
Inlet for at least 12 years. We sampled 48 systematically selected Sitesto dlow inference
throughout Glacier Bay intertiddl areas and 12 preferred habitat intertidal Stesto estimate
maximum clam dengtiesin the Bay. We adso sampled 14 and 12 random sitesin Idaho
Inlet and Port Althorp, respectively, to provide contrast between sites with and without
seaotters. Densties and biomass of intertidal clams were grester in the Lower Bay than
aither the East or West Arms. Mean densities (#0.25 nf) of al species of clams> 10.0
mm tota length were 96.5 at preferred Sites, 32.8 in the Lower Bay, 12.2 in the East Arm,
6.6 in the West Arm, 11.32 at Port Althorp and 27.1 at Idaho Inlet. Clam dengities were
lower in the Upper Arms of Glacier Bay, compared to the Lower Bay and were smilar to
densties a Port Althorp. In the Lower Bay, clam dengties were nearly twice as high at
preferred clam sites compared to those systematicaly sampled. Species of Macoma were
the numerically dominant intertidd dam a most Stesin Glacier Bay, while



Protothaca staminea was dominant at 1daho Inlet and Port Althorp. Biomass (¢/0.25 n)
was higher in the Lower Bay (23.5) than either Arm (2.1 and .91) and higher at preferred
gtes (73.4) than systematicaly sdected Sitesin Glacier Bay. Biomass estimates a Port
Althorp were 5.2 and 9.7 at Idaho Inlet. Biomass estimates were dominated by species of
Saxidomus, Protothaca and Mya in Glacier Bay and by Protothaca and Saxidomus at
Idaho Inlet and Port Althorp. We suspect differences in dendity and biomass relate to
habitat differences between areas within Glacier Bay, particularly sediment sizes.
Differencesin gpecies compostion, dendties, and biomass between areas with and
without sea otters likely result from predation, but dso may reflect habitat differences as
well. Size classdigtributions of clam species varied among species and aress.
Saxidomus, Protothaca, and Mya were the largest clamsin Glacier Bay and their mean
gzeswere larger in Glacier Bay than at Idaho Inlet or Port Althorp, suggesting sea otters
may be foraging on these speciesin Idaho Inlet and Port Althorp. In Glacier Bay the size
digributions of Protothaca and Saxidomus were skewed to the right of the distribution of
these species at Idaho Inlet and Port Althorp while Sze distributions of Macoma were
gmilar. Thisfinding likely represents the relatively reduced biomass and energy content
inintertidd Macoma clams and thus their rdatively low value as afood item to sea

otters.

Sea otters are now well established in limited areas of the lower portions of Glacier Bay.
It islikely that distribution and numbers of sea otterswill continue to increase in Glacier
Bay in the near future. Sea otter diet condsts primarily of clams, mussdls, urchins and
crabs but varies on relatively small spatial scales. Glacier Bay supports large and diverse
populations of intertidal clams that are largely unexploited by sea otters presently. Itis
predictable that the dendity and sizes of intertidd clam populations will declinein
response to otter predation. Thiswill result in fewer opportunities for human harvest, but
will aso result in ecosystem level changes, as prey for other predators, such as octopus,
seadars, fishes, birds and mammals are modified. Seaotters will dso modify benthic
habitats through excavation of sediments required to extract burrowing infauna such as
clams. Effects of sediment disturbance by foraging sea otters are not understood. Glacier
Bay aso supports large populations of other preferred sea otter prey, such asking
(Paralithodes sp.), Tanner (Chionoecetes sp.) and Dungeness (Cancer magister) crabs,
green sea urchins (Strongyl ocentrotus droebachiensis) and several clam species
(Saxidomus gigantea. and Protothaca staminea) that are commercidly, culturdly, or
ecologically important. As the recolonization of the Bay by sea otters continues, it isaso
likely that dramatic changes will occur in the species composition, abundance and Sze
class compostion of many components of the nearshore marine ecosystem. Many of the
changes will occur as adirect result of predation by sea otters, other changes will result
from indirect or cascading effects of sea otter foraging, such asincreasing kelp
production and modified prey availability for other nearshore predators. Without
recognizing and quantifying the extent of change initiated by the recol onization of

Glacier Bay by sea otters, management of nearshore resources will be severely
constrained for many decades.



Introduction

Sea otters (Enhydra lutris) provide one of the best-documented examples of top-down
forcing effects on the structure and functioning of nearshore marine ecosysemsin the
north Pecific Ocean (Kenyon 1969, VanBlaricom and Estes 1988, Riedman and Estes
1990, Estes and Duggins 1995). Much of our knowledge of the role of seaottersasa
source of community variation resulted from the spatia/tempora pattern of sea otter
population recovery since their near extirpation nearly 100 years ago.  During most of
the early 20" century sea otters were absent from large portions of their habitat in the
north Pacific. During the absence of sea otters, many of their prey populations responded
to reduced predation. Typica prey population responses included increasng mean Sze,
dengity and biomass. In one well documented example (the seaurchin,
Strongylocentrotus spp), the remova of sea otters resulted in profound changesin
community organization with cascading effects throughout the nearshore ecosystem
(Estes and Palmisano, 1974).

Nearshore marine communities in the north Pacific are described as occurring in two
dternative stable states, one in the absence of sea otters, and the other in their presence.
When sea otters are present in the nearshore system, herbivorous sea urchin populations
are limited in dengity and size by sea otter predation. Grazing and the role of herbivory is
ardatively minor atribute of this syslem and primary production is dominated by
attached macroagae or kelps. This nearshore ecosystem, commonly referred to asa
kelp-dominated system, is characterized by high diversity and biomass of red and brown
kelps that provide Structure in the water column and habitat for invertebrates and fishes
that, in turn, support higher trophic levels, such as other fishes, birds and mammals.
Once sea otters are removed from the kelp dominated system, sea urchin populations
respond through increases in dendty, mean size and total biomass. Expanding urchin
populations exert increasing grazing pressure eventualy resulting in near complete
remova of kelps. This system is characterized by abundant and large seaurchin
populations, alack of attached kelps and the associated habitat structure and reduced
abundances of kelp-dependent invertebrates, fishes and some higher trophic level fishes,
birds and mammals. The urchin dominated community is commonly referred to as an
“urchin barren”.  Other factors can influence urchin abundance (e.g. disease) and kelp
forests can exist in the absence of sea otters. However, “urchin barrens’ are unknown in
the presence of equilibrium sea otter populations and the generality of the otter effect in
nearshore communitiesis widely recognized (Estes and Duggins 1995).

Other species of sea otter prey respond smilarly, a least in terms of density, Sze and
biomass, to reduced sea otter predation. In some instances humans eventualy devel oped
commercia extractions that would likely not have been possible had sea otters not been
eiminated. Examples of fisheriesthat exidt, at least in part, because of sea otter removal
include, abalone (Haliotis spp), sea urchin (Strongylocentrotus spp., clams (Tivela
sultorum, Saxidomus spp., Protothaca sp.), crab (Cancer spp, Chionoecetes spp,
Paralithoides spp), and spiny lobster (Panulirisinterruptus).



Since the middle of the 20™ century, sea otter populations have been rapidly reclaming
previous habitats, due to naturd dispersdl and trandocations. Following the recovery of
sea otters, scientists have continued to provide descriptions of nearshore marine
communities and therefore have been able to provide contrasts in those communities
observed before and after the sea otters return. At least three distinct approaches have
proven vauable in understanding the effects of sea otters (Estes and Duggins, 1995,
Kvitek et. d, 1992, Estes and Van Blaricom, 1988). One is contrasting communities over
time, before and after recolonization by sea otters. This gpproach, in concert with
appropriate controls, provides an experimentaly rigorous and powerful study design
dlowing inference to the cause of the observed changesin experimenta areas.  Another
gpproach consigts of contrasting different areas at the same time, those with, and those
without the experimenta trestment (in this case sea otters). A third approach entails
experimentaly manipulaing community aitributes (eg., urchin grazing) and observing
community response, usually in both trestment and control areas. All three approaches
currently present themsalvesin Southeast Alaska, including Glacier Bay Nationd Park
and Preserve.

Beginning in 1965, sea otters were reintroduced into southeast Alaska (Jameson et d.
1982). Although small numbers of sea otters have been present on the outer coast for at
least 30 years, only in the past few years could they be found in Icy Strait and Glacier Bay
proper (J. Bodkin unpub. data). It isareasonably safe prediction, based on data from other
gtesin the north Pecific, that profound changes in the abundance and species compostion
of the nearshore benthic invertebrate communities (including economicaly, ecologicaly

and culturaly vauable taxa such as urchins, clams, mussdals and crabs) can be anticipated.
Furthermore, it islikely that cascading changes in the vertebrate fauna such as fishes, sea
birds and possibly other mammals, of Glacier Bay can be expected over the next decade. It
is gpparent that those changes are beginning now. During 2000 nearly 500 sea otters were
observed in the Lower Bay (Figure 1 and Table 1). However, large areas of suitable sea
otter habitat remain unoccupied in Glacier Bay, providing suitable controls. The current
digtribution of seaottersin Icy Strait and Glacier Bay provides for the rigorous, before/after
control/trestment design that has proven so powerful esawhere, and will permit assgning
cause to changes observed in Glacier Bay as aresult of seaotter colonization.

Table 1. Counts or sea otter population Size estimates (*) for Lower Glacier Bay, AK.

Y ear Number of sea otters observed
1994 0

1995 5

1996 39

1997 21

1998 209

1999 384*

2000 554*
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Sea otters, a sgnificant source of ecologica change, are currently becoming established
in the nearshore marine ecosystem of Glacier Bay Nationd Park and Preserve. Impacts
of seaotters, if not quantified, will likely preclude, or at least severely limit the ability of
Park management to identify changes or cause of variation in coastal communities. At
worst, Park management could wrongly assign cause to observed changes. Infaund
bivaves, including intertidal clams, condtitute amgor proportion of the biomassin
benthic marine habitats of Glacier Bay and support large populations of both vertebrate
(fishes, birds and mammals) and invertebrate (octopus and sea stars) predators. Itis
likdly thet otter foraging will result in reduced infaund bivalve dengties that will
subsequently drive changes in species composition and abundance of other predator
populations (Kvitek et a. 1992, Kvitek et d. 1993). Understanding the effects of sea
otter predation will be critical to appropriately managing the Parks marine resources.

At least three e ements are necessary to understand the effects of seaottersin Glacier
Bay. Firg, describing the abundance and distribution of sea otters in the Bay, second,
describing food habits of sea ottersin Glacier Bay, and third, describing the structure and
function of the coasta marine communitiesin the Bay that will be affected by sea otters.
Thefirst and second components were origindly undertaken by the Alaska Biologica
Science Center (ABSC) in conjunction with the Multi-Agency Dungeness (MADs) study.
Currently, al three dements are being studied by ABSC with cooperation and support
from the National Park Service. The objective of this report is to describe studies specific
to understanding community level effects of sea otter colonization in Glacier Bay,
particularly trendsin sea otter population, diet, and intertidal clam populations. A
secondary aim of this report is to identify expected changes in benthic marine
communitiesin Glacier Bay that may result from sea otter colonization.

This annua report presents the result of work completed to date on surveys of sea otter
abundance and distribution, sea otter food habits, and intertidal clam surveys. This report
represents the cooperative efforts of the USGS, ABSC and the NPS, Glacier Bay
Nationa Park and Preserve.



Aerial Surveys




Sea Otter Surveys

We conduct two types of surveys of sea ottersin Glacier Bay and surrounding waters.
Thefirgt type, carried out Since 1994, is desgned to estimate the distribution and relative
abundance of seaotters, and is referred to as adidtribution survey. During distribution
surveys al otters observed are recorded on maps and search intengity is not controlled.
The results or counts of distribution surveys cannot be used as estimates of total sea otter
abundance, as detection rates are not estimated and observers, aircraft, and pilots change
between surveys. The other survey typeis a systematic sampling of standardized
transects within a specific area of interest and are referred to as abundance surveys.
Survey conditions are closely controlled and detection of sea ottersis estimated
independently for each abundance survey. The results of abundance surveys provide a
mesasure of digtribution, aswell as an estimate of abundance, and can be used to caculate
dengties and trends in population change. Abundance surveysin Glacier Bay were
completed in 1999 and 2000.

Methods

Distribution Surveys

All shordline habitats out to a least the 40 m bathymetric contour are surveyed. Flight
tracks parale to shore are flown when water < 20 m extends > 1 km from the shordline
(e.g. Dundas and Berg bays). Surveys are flown at the dowest speed safe for the
particular aircraft in use, and a the lowest safe dtitude (e.g. 65 mph and 300" in the
Bellanca Scout and 90 mph and 500’ in the Cessna 185). In May 1999 and 2000,
distribution surveys were flown at 65 mph and 300" in a Bdlanca Scout.

Abundance Surveys

Aerid survey methods follow those described in detail in Bodkin and Udevitz (1999) and
congst of two components: 1) strip transects, and 2) intensive search units to estimate the
probability of detecting otters along strips. Sea otter habitat is sampled in two strata, a
high and alow dengty, digtinguished by distance from shore and bathymetry. Survey
effort isdlocated proportiona to expected sea otter abundance by systematicaly
adjusting spacing of transects within each stratum. A single observer surveys transects
400 m wide at an airgpeed of 65 mph (29 m/sec) and an dtitude of 300 ft (91 m) (Figure
2). Strip transect dataincluded date, transect number, location, group Size and group
activity (diving or not diving). A group is defined as one or more otters separated by less
than 4 m. ). Seaotter pups are combined with adults for population estimation because
large pups are often indigtinguishable from adults and smal pups can be difficult to sght
from arcraft. All group locations are digitized by survey into ARC/INFO coverages
(Fig. 3). Transect end points are identified by |atitude/longitude coordinates in Arc Info
and displayed visudly in an aeronautica globa postioning system (GPS) in the aircraft.
Intensive searches are conducted systematically dong strip transects to estimate the
proportion of animals not detected during strip counts.
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Figure 2. One of four transect designs used during a sea otter
abundance aerial survey in Glacier Bay National Park, May 2000.



The survey design consisted of 18 strip transect scenarios congtructed in a GIS coverage
(ARC/INFO) comprised of 3 possible sets of high dendity transects and 6 sets of low
dengty transects. Transects are charted throughout Glacier Bay, but this survey focused
on the lower Bay (Fig. 1) Since sea otters do not yet occur in the upper bay. The 2000
lower bay survey areaincluded 272 knf of high density stratum and 278 kn of low
density stratum - 4 kn? more low density than 1999. These four knt were added to the
low dengity stratum to include an areaidentified last year as an exception to the origina
habitat classification scheme. Five replicates were randomly selected from the 18
possible combinations. Four replicates were surveyed by asingle observer from a
Bellanca Scout between 12 and 15 May 2000. This survey was conducted by the same
pilot and observer who flew the May 1999 Glacier Bay sea otter survey. See Appendix A
for adetailed description of the survey methods used.

Results

Distribution Surveys

On 10 May 2000 we surveyed the shorelines of Cross Sound and Icy Strait, and from 11-
16 May surveyed the shorelines of Glacier Bay (see abundance surveys) to estimate
current sea otter distribution (Table 2). No mgor changesin digtribution from prior
surveys are evident. However, some trends are apparent based on the numbers and
locations of otters observed. Firt, atrend toward increasing abundance in Glacier Bay
proper is clear (see Figure 1 for area of Glacier Bay proper), and is supported by the
abundance survey data (see below). Second, the numbers of sea ottersin northern Icy
Strait appear to be declining over time (Table 2). Thisfinding likdly reflects emigration

of animasfrom Icy Strait into Glacier Bay and is & least in part responsible for the rapid
increase in sea otter abundance in Glacier Bay in recent years.

Abundance Surveys

The four replicate surveys required 28 hours of flight time to complete, including transit
to and from Bartlett Cove. The mean of these four individua replicates yidded an
adjusted population size estimate of 554 (SE = 97). Sea otter pups are combined with
adults for population estimation because large pups are often indistinguishable from
adults (Table 2). All group locations were digitized into ARC/INFO coverages (Figure
3).

The estimate of 554 sea otters in 2000 represents an increase of 44% above the 1999
esimate. Thisrate of increaseis about twice the maximum rate of growth observed in
other recolonizing sea otter populations (Bodkin et d. 1999) and likely results from
production of sea otters within Glacier Bay and immigration of sea otters from outside
the Bay.



Table 2. Results of Cross Sound/Icy Strait sea otter distribution surveys and abundance
surveysin Glacier Bay proper in 1999 and 2000 (estimates bolded). Counts are
presented as # adults'# pups, while a period means ‘no data . Estimates adjusted by
abundance survey methods include pups (Bodkin and Udevitz 1999).

Date May May Mar Aug May Mar May May
1994 1995 1996 1996 1997 1998 1999 2000
Aircraft Scout Scout 172 172 Scout 185  Scout  Scout
Survey Area
Spencer-Pt Wimbledon 69/20 60/9 31/4 19/2 43/3 8 6 7
Pt Wimbledon-Pt Dundas 37/1 23 18 52 24 52 27 46
Pt Dundas-Pt Gustavus 0 12/1 41/1 178/4 10 1 17 0
Glacier Bay Proper . 5 39 0 21 209 384 554
Excursion Inlet . . . . . 7 1 0
Pt Couverdon . . . . . 2 . 0
Pt Gustavus-Porpoise Is 29/0 94/1 73 2/1 161 8 18 57
Cannery Pt-Crist Pt 0 0 0 0 0 0 0 .
Crist Pt-Gull Cove 55 15/3 30/1 17/1 92/15 23 97/3 2
Lemesurier Is 33/8 62/23 56/2 4718 143/32 10 67/17 11
Gull Pt-Pt Lavina 77 81 48 141 94 3 90 139
Inian Is 31/9 36/16 11/1 30/12 31/8 10 18/4 9
Pt Lavina-Column Pt 100/31  159/73 42/3 94/21 148/25 31 21/7 88/11
Total 431/69 547/126 389/12 580/49 767/83 364 746/31  913/11
Discussion

The results of the sea otter distribution and abundance surveys suggest alarge scae
pattern in population distribution and growth in the region of Icy Strait and Glacier Bay.
As recolonization of previoudy occupied habitat has occurred in Icy Strait over the past
severd years, seaotters had at least two choicesin their direction of immigration, either
north in Icy Strait, toward Lynn Cand, or west into Glacier Bay (Fig. 1). Our data
suggest they have eected to occupy Glacier Bay first. This has serious and immediate
consequences to managers of marine resourcesin the Park.

The 2000 estimate indicates a population increase of 170 sea otters over the 1999
estimate for Glacier Bay. Boulder Idand and Point Carolus continue to be sea otter
strongholds (Fig. 3) whereas large groups were not observed around Leland Idand asin
prior years. The increase in aundance near Boulder 1dand indicates the possbility of
movement of otters from Leland Idand. This shift in abundance was aso gpparent to
researchers doing other fieldwork during the summer 2000. Similar large scae
movements have been, and will continue to be, expected to occur as long as prey
resources are not limiting sea otter population growth.

Because lower Glacier Bay encompasses the forefront of an expanding sea otter
population, immigration and emigration are likely to be the major factors driving
abundance estimates. Previous aerid and boat surveys, covering Glacier Bay aswdl as
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Figure 3. Sea otter group locations from 4 replicate surveys in Glacier
Bay National park, May 2000.
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surrounding areasin Icy Strait and Cross Sound, have shown evidence of seasona
movements (Table 2). For example, from March to August 1996, the number of otters
increased at Pt. Dundas — Pt. Gustavus, Gull Pt. — Lavina Pt., and Lavina Pt. — Column
Pt.; while the number of otters decreased in Glacier Bay proper and at Pt. Gustavus —
Porpoise Idand.

The number of sea otters occupying Glacier Bay isincreasing rapidly, from acount of 5

in 1995 to 554 in 2000 (Table 1). Thisincreaseis undoubtedly due to both immigration
of adults and juveniles, as well as reproduction by femalesin the Bay, as evidenced by

the presence of dependent pups (Figure 3, green circles). One adult femae tagged in Port
Althorp in 1998 was observed near South Marble Idand in July 1999 with a dependant
pup. Predation by seaotters on avariety of invertebrates, including severd species of
crab, clams, mussals, and urchins will likely have profound effects on the benthic
community structure and function of the Glacier Bay ecosystem (see foraging
obsarvations). Continuing seaotter surveys and studies of benthic communities will
provide vauable information to those responsible for managing Park resources.
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Foraging Observations

Observations of sea otter foraging behavior were carried out to determine prey types,
numbers, and sizes utilized by sea otters. Foraging work conssted of shore and ship
based observations at sites within Glacier Bay, Icy Strait, and Dundas Bay in Southeast
Alaska (Figure 1). Observations of foraging sea otters provide information on food
habits, foraging success (proportion successful feeding dives), and efficiency (mean
kca/dive) based on prey numbers, types and sizes obtained by feeding animas. Dataon
sea otter food habits and foraging efficiency will prove ussful when examining

differences (if any) in prey dengties, and size- class digtributions between areas impacted
by sea otters and those not affected. This datawill dso aid park managersin identifying
resources and habitat crucia to the Park’ s sea otter population.

Methods

Sea otter diet was estimated during shore and ship based observations of foraging otters
following astandard protocol (Appendix B). Shore based observations limit data
collection to sea otters feeding within gpproximately 1 km of shore. Ottersfeeding
further than 1 km from shore are observed from a ship under calm sea conditions. High
power telescopes (Questar Corp., New Hope, PA) and 10X binoculars were used to
observe and record prey type, number, and size during foraging “bouts’ of foca animals.
A “bout” condsts of observations of aseries of dives by afoca anima whileit remains
in view and continuesto forage (Cakins 1978). We assumed that each foraging bout
records the feeding activity of a unique individua, therefore bouts were consdered
independent while dives within bouts were not.

Sea otters in the study area are generdly not individualy identifidble. In addition, some
foraging areas are used more than others by individuas and by ottersliving in the areain
generd. Therefore, individuas may have been observed more than once without our
knowledge. To minimize this potentid bias, foraging observations were made
throughout the mgor study areas, and attempts were made to record foraging
observations from as many Stes as possble.

Site and focal animal selection

Information regarding feeding locations for sea otters was gathered during travels
throughout the Park for other aspects of this study as well as from Park personnd and
other vistors. Foraging datawas collected from as many identified feeding locations as
possible. If more than one foraging anima was available for observation a any
particular observation ste, then the first animal observed was randomly sdlected, and
after completion of the bout the process repeated with the remaining animals,
Obsarvations continued & the Site until each available anima was observed for a
maximum of 30 dives, or otters had stopped foraging or left the area. Data was not
collected on dependent pups.

13



Data collected

For each bout, the date, Site, observer, otter’ sidentification (if possible), estimated age
(adult, juvenile, pup), sex, and reproductive status (independent or with pup) was
recorded. Location of the focal otter was mapped. From the mapped location the
foraging depth was determined or estimated from available GIS bathymetric data

For each dive, observers recorded starting and ending foraging bout times, dive time
(time underwater), surface interva (time on the surface between dives), dive success
(prey captured or not), prey identification (lowest possible taxon), prey number, and prey
Sze category (see Appendix B). Individud dives within a bout were numbered
sequentialy, and individua bouts were uniquely numbered within the data st.

Analysis

For each ste where foraging data were collected, we calculated (1) prey composition as
the proportion of dives that resulted in the recovery of at least one of eight different prey
types (clam, crab, mussd, snall, seagtar, urchin, other, or unidentified); (2) mean number
of prey items captured per dive; (3) mean Size of prey captured per dive; (4) successrate;
and (5) mean biomass captured per dive. We contrast diet among three sampling aress,
Glacier Bay, south Icy Strait (including 1daho Inlet and Port Althorp), and Dundas Bay.
We aso contrast diet among Siteswithin Glacier Bay. Because individuas are not
marked, we cannot identify individua dietary differences.

Results

To date, we have collected data from three areas in southeast Alaska: Dundas Bay, south
Icy Strait, and Glacier Bay proper. Within each area, observations have been collected
from severd dtes. Information from 4975 dives, comprising 570 bouts, was recorded.
Of those dives, 780 were observed at Dundas Bay, 1284 in south Icy Strait, and 2911 at
gteswithin the Park. Numbers of dives with successful prey captures are lower. Sea
otters were observed feeding on at least 30 different prey items including bivalves,
decapod crustaceans, gastropods, and echinoderms (Table 3).

Prey Composition

To address the composition of seaotters' diets we looked for the presence of each prey
type in each successful dive per sampling Site aswell as per area (Table 4). Overdl, in
aress of southeast Alaska sampled, clams are the prime prey choice by otters (Figure 4.).
Sea otters recovered clams on 40 to 60% of the successful dives observed. Crabswere an
important prey item for ottersin Dundas (recovered on 20% of dives), urchinsin S. Icy
and Glacier Bay (recovered on 17% and 21% of dives), as were mussals (Modiolus
modiolus) in Glacier Bay (recovered on 18% of dives). There was dietary variation a
individua steswithin an area. For example, recovery of clams ranged from 13 to 84%,
mussels from 0 to 47%, and urchins from 0 to 68% at stes within Glacier Bay (Table 4,
Figure5). Variation among Stesis obvious and it isinteresting to note that even at Stes
in close proximity, otters are utilizing different prey resources. For example, at three Stes
separated by less than 1 km (Boulder 1, Boulder 2, Sita Reef), sea otters recovered
different proportions of clams, mussals, and urchins (Table 4 and Figure 6).
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Table 3. Ligt of prey itemsthat sea otters were observed consuming in southeast Alaska,

1993-2000.
Phylum Class Prey Item
(Subphylum) (Order)
Porifera sponge
Mollusca
Polyplacaphora Cryptochiton stelleri
Gastropod Fusitriton oregonensis,
Neptunea spp., limpet
Bivdvia Entodesma navicula, Gari californica,
Macoma spp., Mya truncata, Mya spp.,
Protothaca staminea, Saxidomus gigantea,
Clinocardium nuttallii, Serripes
groenlandicus, Modiolus modiolus, Mytilus
trossulus, Pododesmus macroschisma,
scdlop
Cephalopoda Octopus dofleini
Echiura Echiurus spp.
Arthropoda
(Crustacea)
Cirripedia
(Decapoda)  Cancer magister, Chionoecetes bairdi,
Oregonia gracilis, Paralithodes
camtschatica, Telmessus cheiragonus
Echinodermata
Adteroidea Pycnopodia helianthoides, Solaster spp.
Ophiuroidea Ophiuroid spp., Gorgonocephal us caryi
Echinoidea Strongylocentrotus droebachiensis, S
franciscanus
Holothuroidea Cucumaria fallax
Chordata
Ogeichthyes fish
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Table 4. Percentage of diveswith each prey type present. ‘Other’ category consists of
worms, octopus, fish, sponges, sea cucumbers, chitons, non-clam/musse bivalves,
barnacles, and sea peaches. ‘Unid’ category represents prey that could not be identified
dueto visud obgtruction. Vauesfor individua sStes are given below the three main
areas (Dundas, S. Icy, GLBA). Unsuccessful dives and those with unknown success
were not included in #dive values.

Are%t(zd"’ﬁ) Clam| Crab | Mussel | Snail | Star | Urchin | Other | Unid
Dundas (621) 59 20 0 0 0.2 6 1 14
Site 1 (168) 17 58 0 0 0 0 0 26
Site 2 (226) 93 2 0 0 0 0 2 3
Site 3(227) 57 9 0 0 0.4 17 0 17
Slcy (1101) 57 3 3 3 2 17 2 13
Pt Althorp (237) 49 3 13 4 2 19 4 8
Dad (125) 79 0 1 6 0 1 0 13
Inian Cove (246) 85 1 0 2 1 4 0 8
Lemesurier (267) 3 10 0.4 2 0 438 5 31
N Inian (226) 89 1 0 3 4 0.4 0 2
GLBA (2399) 40 4 18 2 1 21 2 12
Berg Bay (71) 42 3 3 6 3 3 4 37
Boulder 1 (49) 84 2 8 2 0 4 0 0
Boulder 2 (307) 40 0.3 23 2 1 21 2 11
Fingers Bay (10) 30 10 0 0 30 0 0 30
Flapjack (22) 95 0 5 0 0 0 0 0
Hutchins B (206) 72 12 9 1 0 2 1 3
Kidney Is (67) 72 9 0 3 0 0 13 3
Lester Is(73) 66 4 4 0 0 16 0 10
Marble s (31) 90 0 0 0 6 0 3 0
N Beardslee (15) 60 7 0 13 0 0 0 20
Netland Is (22) 41 9 9 0 5 5 5 27
N Marble s (28) 71 0 0 7 0 0 7 14
NW Beards. (406) 31 2 47 3 0 8 1 8
Pt Carolus (284) 21 4 27 0.4 1 15 1 30
Pt Gustavus (440) 13 4 0 2 0.5 68 4 8
Ripple Cove (39) 90 0 0 0 0 0 0 10
Rush Pt (75) 53 1 12 0 0 15 0 19
S. Fingers (43) 63 2 2 5 2 0 7 19
Sita Reef (88) 16 0 47 0 0 24 2 11
S. Marblels (19) 26 63 0 5 0 0 5 0
Strawberry Is (37) 87 5 0 0 0 0 0 8
Young Is (67) 42 6 3 0 3 33 0 13
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Figure 4. Prey composition of sea otter foraging dives in Dundas Bay, Glacier Bay proper (GLBA), and
south Icy Strait (Slcy). This figure shows the percentage of all dives of known outcome that include each
prey item. For example, sea otters retrieved at least one clam on 59% of their dives in Dundas Bay. N =
number of dives with known outcome. ‘Other’ consists of worms, octopus, fish, sponges, sea cucumbers,
shitons, non-clam/mussel bivalves, barnacles, and sea peaches. ‘UNID’ represents prey items not
identified due to visual obstruction.
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URCHIN MUSSEL

Figure 5. Percentage of prey typesin successful sea otter foraging dives at various sites in Glacier Bay.
Thisfigure shows that prey utilization at sites within one study area can vary. Thisvariation is due to
differencesin prey composition at individual sites aswell as otter prey selection preferences.
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Figure 6. Percentage of each prey type in dives at the Boulder area and then individual sites within the
Boulder area showing how variation in prey utilization occurs even on small geographic scales. See
Figure 5 for prey composition of foraging dives at other areas within Glacier Bay.
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Prey Number and Size

On dives when specific prey types were recovered, we averaged the number of
individuds of that prey type and the sizes of those individuds, by sampling areaand prey
type (Figure 7). In south Icy Strait we consistently observed the highest average number
of prey per dive across al prey types. We aso observed mean prey sizeto be
consstently smallest in south Icy Strait over dl prey types, compared to either Dundas or
Glacier Bay (Figure 7). In Glacier Bay seaottersretrieved an average of 2 clams, 1.1
crabs, 2.5 mussels or 3.7 urchins per dive. In Glacier Bay the mean size of clams
recovered was 58 mm, crabs 73 mm, mussels 85 mm, and urchins 45 mm. Mean clam
gzes were uniform among areas (40 to 55 mm), crabs were largest in Dundas, averagng
85 mm, mussals were smdlest in south Iy, averaging 20 mm. Mussdls consumed in
south Icy were Mytilus trossulus, and in Glacier Bay were Modiolus modiolus.

Discussion

Although differencesin diet composition were detected among sampling aress, the diet of
seaottersin and around Glacier Bay consgts largdly of invertebrates that resdein
unconsolidated sediments such as mud, sand, gravel or cobble (Tables 3, 4). Bivave
clams dominate the diet in dl three areas (Figure 4). In Dundas Bay crabs were
important, in Glacier Bay mussdls were important, and in South Icy Strait and Glacier
Bay, urchins were important (Figure 4). These differences likely reflect habitat
differences among aress.

Within the Glacier Bay sampling area, we found high variation in the species

composition of the sea otters diet (Figure 5, Table 3). For example, the green seaurchin
was present in 68% of the foraging dives a Pt. Gustavus, 15% at Pt. Carolus, and 0% at
Marble, Hutchins and Fingers. While clams were predominarnt at most sites, their
proportion varied from between 10 to 20 % to 90% depending on location. Crab were
present in the diet & mogt Sites, but in rdatively smal proportions, usudly < 10% but at
S. Marble were recovered in 63% of the dives (Figure 5, Table 4). We also detected
griking differencesin diet within sampling Stes. At the Boulder Ste we collected
foraging data a three locations that were separated by < 1 km. We found clams present
from 16 to 84%, mussels from 8 to 47% and urchin from 4 to 24% of the observed dives
(Table 4, Figure 6).

The pattern of increasing average number of prey while the average prey sze declines
suggests afunctiona predation response to the reduction in average prey sze. This
finding is congstent with the premise that sea otters select the largest, most energetically
vauable prey fird, eventudly switching to the smaler but more numerous prey, asthe
larger Szes are removed (Kvitek et d. 1992).

The observed differencesin diet likely reflect differencesin the abundance and

availability of different prey types. For example, urchins generdly occur in highest
dengties over rocky bottoms and their preponderance in the diet at certain Sites probably
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Figure 7. Mean number (top graph) and size (bottom graph) of clams, crabs, mussels, and urchins retrieve
by sea otters foraging in Dundas Bay, Glacier Bay proper (GLBA), and south Icy Strait (Slcy). In general,
the larger the prey item, the fewer an otter retrieved. For example, mussels retrieved in GLBA are large
Modiolus therefore only a few are retrieved per dive, whereas snéiilus are retrieved at Slcy sites,

thus the number retrieved per dive is higher.
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indicates rocky habitats. Conversaly, most clams reside in soft sediment habitats and
their preponderance in the diet likely indicates soft sediment habitats. If the differences
we observed in diet reflect differences in prey populations, rather than dietary differences
among individua sea otters, it suggests sea otter effects may occur initidly on rether

smdl scdes, and may be dependent on habitat types. An example of asmdl scde
potential sea otter effect is depletion of Modiolus modiolus bedsin the Bearddee Idands
and Pt. Carolus.

Mapping observed foraging locations, characterizing habitat type, and describing the
types of prey recovered will dlow definition of ecologically important areas and prey
Species.
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Intertidal Clam Sampling

Study of prey populations will alow documentation of Species compaosition, abundance,
and Sze digributionsin Glacier Bay. Proper documentation will alow description of
changes resulting from sea otter foraging, will provide discrimination among other
potentid factors affecting intertida communities, and will dlow inferenceto dl of
Glacier Bay. Inthisannud report, we describe clam species compaosition, species
divergty, sze didtribution, abundance, and biomass from our intertidal soft sediment
sampling of Glacier Bay, Idaho Inlet, and Port Althorp.

Methods

Site Selection

For ste sdlection, this study utilized the results of the aeria portion of the Glacier Bay
Inventory and Monitoring Protocol (Irvine 1998). In that protocol 241 sites were
sampled viafixed-wing arcraft for coverage by mussdls, barnacles, and fucus, substrate
category, and dope estimation. We eliminated any Stes that were too steep or were part
of the monitoring protocol development study and then using arandom dart,
sysematicaly chose sitesto sample for intertidd cdlams. Ultimatdy we sampled 48 sites
throughout Glacier Bay proper (Figure 8), severa selected sites were diminated due to
snow avaanche danger, consolidated substrate, or excessve mud. In addition to the
systematicaly chosen sites, we sampled 12 sitesin preferred clam habitats (PCH) within
the Park (Figure 8). These sites were chosen based on the prevaence of shell litter and/or
sphon squirts observed at low tides. One of the primary focuses of this project isto
examine the impacts of sea otters on the nearshore environment. To better understand the
potential impacts we expanded our sampling efforts to include areas where sea otter
populations are dready established. Sea otters have been observed in Idaho Inlet and

Port Althorp for 12 and > 20 years, respectively (Pitcher 1989). We divided the coastline

of each areainto 200m segments, estimated the number of sites we could sample during a
minus-tide cycle, and beginning from arandom gart, sysematically chose sitesto

sample. We sampled 14 sitesin Idaho Inlet and 12 in Port Althorp (Fig. 9). Throughout
this section of the report we differentiate among Glacier Bay systematicaly chosen stes
(GLBA Random, including Lower Bay, Upper East and Upper West Arms), preferred
habitat stes (GLBA PCH), Idaho Inlet sites (Idaho), and Port Althorp sites (Althorp).

Sampling Protocol

The sampling protocol was amilar to that detailed in the 1999 Annua Report (Bodkin
and Kloecker 1999) and was adapted from an intertidal clam sampling protocol we used
in Prince William Sound, Alaska (Appendix C). A handheld GPS was used to navigate
to the segment. At each Site a 200m transect was positioned horizontally aong the beach
at the OMLLW tidelevel. A random starting meter was chosen and ten 0.25n7 quadrats
placed 20m apart were excavated to a depth of 25cm (Figure 10). All sediments were
seved through a 10mm mesh screen and al clams (as well as crabs and urchins at most
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Figure 8. Map of Glacier Bay National Park and Preserve showing intertidal sampling sites. Yellow
symbols represent sites chosen with a random start and systematic sampling thereafter. Pink symbols
represent sites chosen for the likliechood of high clam abundance (e.g. shell litter or squirts observed).
Black symbols represent two sites sampled as part of a baseline data set in response to ship grounding. The
background map shows the bathymetry of Glacier Bay, lighter colors = shallower waters.
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